these lymphocytes of their cytoplasm, and many, perhaps most cells, nophils doing?" The pathologist admitted constantly take up from their environmental did not know-"but we find them very fluid small droplets by the mechanism known as i the laboratory." "Sir", was the stern "pinocytosis". In this way the special comThe human frame was built before the ponents of one cell may be, in however small a )ry. Run away and find out what they concentration, incorporated into the substance " So far as I know, however, these of others. In the case of many tissues "celliave not yet been fulfilled, so difficult is it lines" may be established and readily subLd a biological horizon. cultured in vitro. We have isolated such strains ndeed astonishing that no essential func-from many types of pathological thyroids includLs been ascribed to the lymphocyte. ing carcinoma, from malignant melanoma, ng to Osgood (1954) the human body Hodgkin's disease, seminoma of testis, and 1,300 grams of lymphocytes outside the foetal human liver. We were late-comers in this lymph nodes, and bone-marrow; and field; but in common with all others we -find '1956 ) estimated that their weight in the that such easily cultivated cells quickly deviate arrow was 70 grams. Osgood again from their early form to a primitive cell stimated that there were 3 grams in the indistinguishable from the HeLa cell of Gey. ng blood, and 100 grams in lymphatic Moreover in the case of the thyroid these cell The weight of the human liver is 1,600 lines cease to be able to synthesize hormones not very much more than the total in vitro. They differ from the freshly isolated )f the lymphocytes. Yet Trowell (1958) thyroid in many other ways; for example, in their y at the end of his survey of the literature reaction to certain viruses, in the rotation of the be regretfully concluded that the office nucleus, and in the manner in which one cell is 'inderella cell is obscure". related to another (Pulvertaft et al., 1959 Parts of the film show that they move towards certain cells, and remain attached for long periods; if they leave they return again; their cytoplasm licks, as it were, the cytoplasm of other cells; in the cases shown these are malignant cells (Fig. 1) When freely suspended in fluid the lymphocyte adheres poorly to glass, indeed some people say that it does not adhere at all. It certainly does not spread out in the same way as a polymorph, and it is readily removed by washing the glass surface. It becomes elongated and detail in nucleus and in cytoplasm cannot be resolved. But when it is placed on a serum-agar surface ) and compressed under a cover-slip in a special chamber it behaves quite differently. In this case the depth of fluid is of the order of 50,u and it is repelled by the agar and attracted to the glass. It now becomes flattened out and moves characteristically, and its mitochondria can be clearly seen. However, it has been suggested that the adhesive phenomenon to which I have drawn attention may be an artifact, since large cells may produce a sulcus in the agar, and the lymphocyte may move around in the groove so produced. The greater part of the film was not taken with this type of chamber but in a different type in which agar is not used, but in which a small slide cell is made by sticking a ring made of plastic to a cover-slip and a slide. In these cells the lymphocytes move towards other cells and remain attached to them in exactly the same manner. We observed these associations as soon as we examined pleural exudates, malignant tissue, bone-marrow, and lymph nodes, for the 316 lymphocyte is ubiquitous, and most of our material came from cases of malignant disease. The most striking fact observed, however, was that occasionally the lymphocyte was found inside the cytoplasm of other cells, and that it circulated there for long periods. We gave the term "emperiopolesis" signifying "inside, round-about wandering" to this phenomenon (Humble et al., 1956) (Fig. 2) . When we first noted it we were unaware that we had long been anticipated. Indeed the process has been recorded cinematographically by Koller and Waymouth (1953) . Trowell (1958) has collected many references. Some of these observations were made on stained preparations and these I think must be taken with caution, since it is hard enough to be certain of one's facts when living cells are examined. However, Fischer and Dolschansky (1929) observed the phenomenon in cultures of chick spleen. I take particular pleasure in recalling Dolschansky's work since, although my first introduction to tissue culture was in 1919 from Strangeways, it was Dolschansky who in Jerusalem taught me the discipline. Trowell (1949) saw it in mixed cultures of rat thymus and chick fibroblasts, and Darcy (1952) Lymphocytes from normal human lymph nodes and from many other sources, however, usually survive much longer. As a rule they are fully motile for twenty-four hours, and often survive for four days by themselves. There is continuous autolysis, and at the end of a week the survivors become very large, non-motile, and quite unrecognizable. There is much controversy as to the final destination and morphology of this cell and I shall not further discuss this question here. The significant fact is that the vast majority autolyse within four days. The vulnerability of the lymphocyte is exemplified by its reaction to radiation, since relative lymphopenia is an early indication of radiation damage. This can be demonstrated in vitro (Humble et al., 1954) . Since I shall develop the argument that lymphocytes and malignancy are closely associated, it is tempting to suggest that some of the beneficial results of radiotherapy may be associated with destruction of lymphocytes.
The picture is very different when other tissues are present. One experiment which I carried out particularly impressed me. I took a very early whole mouse embryo about 2 mm. long and incorporated it in chick fibrin with a portion of murine leukemic thymus. In a day or two these fragments fused, and the embryo heart continued to beat for six weeks. There was a moderate outgrowth of fibroblasts, but the cells of this chimrera for the most part did not migrate into the fibrin clot. The leukaemic cells could be clearly identified in large numbers and over the course of weeks infiltrated into the embryo tissue and could be recognized around the heart. It appeared that the leukemic cells slowly increased in number. I cannot tell how long they would have survived had I contented myself with replacing the fluid medium. Un- fortunately at the end of six weeks I added fresh chick plasma in order, as I thought, to help the leukemic cells to migrate. This they did, as well as fibroblasts from the chick embryo. The heart ceased to beat and the migrating leukemic cells quickly lysed when they had wandered away from the embryo and into the fibrin clot.
In this case, therefore, I had observed a strikingly long survival of the leukxemic cells when other tissue was present. I had noticed the same phenomenon many times in human tissues in vitro. For example, malignant melanoma is very readily cultured in vitro, and the tissue explanted often contains lymphocytes. I have noted survival of human lymphocytes for six weeks under these circumstances. Human thyroid gland is also quite exceptionally easy to maintain alive in vitro (Pulvertaft et al., 1959) and often contains lymphocytes. These are found alive after many weeks.
These observations stimulated an attempt to discover how murine and human lymphocytes would behave when presented with monolayers of other cells. The preparation of monolayers is to-day a routine technique among virologists. They are easily prepared by trypsin dispersal (Dulbecco and Vogt, 1954 The more frequently observed phenomenon is the penetration-of leukxmic cells and lymphocytes through cell sheets and between those sheets and the glass cover'-slip. It is difficult to understand in what medium they are now moving as the cell sheets are quite firmly adherent to the glass, and often require trypsinization for complete removal; in many cases they cannot be washed off with 'culture medium alone. The leukvmic cells and"lymphocytes can be seen to squeeze between cells in a remarkable and almost indescribable manner. When cell -sheets are touched with a glass rod they often retract, but the presence of the lymphocytes never disturbs them.
Hamster mesentery flattened over agar also makes a good cell sheet and the lymphocyte moves between the cover slip and the mesentery in exactly the same way.
When fully extended on glass lymphocytes and leukxemic cells are quite unrecognizable to an observer familiar only with stained preparations. They cover surprisingly large areas, and the nuclei are markedly patterned. The leading edge of the cytoplasm characteristically bulges, now in one direction and now in another, and the prenuclear cytoplasm is always free of organoids. These trail behind, usually in a pointed tail. Lymphocytes appear to attract each other when inside cytoplasm and under cell sheets where, even when present in small numbers, they constantly converge towards each other. Since by nature of the experiment the field is always illuminated, phototaxis is not ruled out, or even a small local rise of temperature in spite of a heat filter which is always used. Again we often find in sections a close association between malignant disease and round cell infiltration. One type of carcinoma, the lymphoepithelioma of Regaud, is characteristically rich in lymphocytes. I have seen two cases of chronic lymphatic leuklemia in squamous cell carcinoma on top of leukxmic deposits in skin (Pulvertaft, 1936) .
However, undoubtedly the work of Gross and his successors on mouse leukemia is in this context the most stimulating. Gross (1951) found that malignant tumours could be induced in the progeny of mice inoculated with centrifugates of leuk,emic tissue. In his hands leukaemia as well as malignant disease was conclusively produced with these cell-free filtrates. This work has had much confirmation and I would like to refer in particular to the very recent work of Salaman (1959) We must ask ourselves in what way these observations may be related to the development and propagation of the malignant process. Here we enter the realm of hypothesis, and I do so without apology, for observations and experiments are useless unless they point the way to new conceptions. Research is like "blind man's buff": we touch our target for a moment in the darkness but can neither hold nor name it; onl' at long last do we grasp it firmly and claim with confidence to recognize it without a doubt. For most of the time we must be content with half-knowledge and uncertain guesses. At any one time "the truth" is merely the closest approximation to reality which we can attain in the light of our present knowledge.
One of the functions of the lymphocyte may be to bring to selected areas concentrations of enzymes and of nucleic acid. The lymphocyte has a cycle; it is derived from stem-cells in lymph nodes and in the reticulo-endothelial system generally, and returns to that system for re-utilization of its specialized chemical components.
The lymphocyte may, like every other cell, become malignant; it is no part of our argument to say how or why. Once malignant its nucleic acid is carcinogenic, and by incorporation into another cell imposes malignancy on that cell.
In the case of lymphatic leuklmia or lymphosarcoma penetration of a stem cell induces the production of malignant descendants. But we may envisage a state of affairs in which a stem cell may be "invaded" at a stage in which some degree of differentiation had alreadv taken place. In such a case, the adult cells derived from this "*invaded" cell will be of various types and we find, as in Hodgkin's disease, a pleomorphic malignant picture with "malignant" polymorphs, eosinophils, monocytes and lymphocytes.
In murine leukoemia the extracts of the malignant lymphocytes display the widespread carcinogenic potency of the "malignant" nucleic acid, Andrew and Burns (1947) , Andrew and Andrew (1949) . I What light this fact throws on the nature of malignant disease must be for others to deter' mine. It may be that the lymphocyte holds within it the keys of life and of death.
